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COMPLETE SPECIFICATION 

Improvements in Acetyiation of Cellulose 



We, Rayonier Incorporated, a corpora- 
tion organized and existing' under the laws of 
the State of Delaware, United States of 
America, of 161 East 42nd Street, New York, 
5 State of New York, United States of America, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
10 following statement : — 

This invention relates to the partial acetyia- 
tion of cellulose, and has for its object the 
provision of a non-catalyzed process for the 
acetyiation of cellulose fiber. More particu- 
15 lariy, the process of the invention comprises 
preswelling substantially dry cellulose fiber and 
the acetyiation of the preswelled fiber with 
superheated acetic anhydride vapor. The pro- 
cess of the invention can achieve a rapid arid 
20 uniform acetyiation of cellulose to contain up 
to 30% acetyl. 

The efforts made heretofore to effect non- 
catalytic vapor phase acetyiation of cellulose 
have not been commercially practical for they 
25 have resulted either in degraded products or 
products only slightly acetyiated. Processes 
employing vapor phase acetyiation together 
with catalysts have had an adverse effect 
on the product. The more commonly used 
30 catalysts, i.e., sulfuric or perchloric acids, are 
corrosive to equipment, difficult to remove 
from the product and tend to degrade the 
product resulting in lowering its stability, 
strength, color and dielectric properties. The 
35 invention overcomes these difficulties and 
provides a relatively rapid process of m aking 
a high quality product having an acetyl con- 
tent up to 30% at -a relatively low cost. 
The invention is based upon the discovery 
40 that essentially dry cellulose fibers in a 
swollen condition and without a catalyst can 
be effectively acetyiated by means of super- 
heated acetic anhydride vapors. Based upon 
this discovery the invention provides a process 
arising swelling cellulose fibers, such as 



wood pulp fibers, cotton linters, in bulk, matte 
sheet or fabric form, by contact with acetic 
acid, followed by contacting the swollen fibers 
with acetic anhydride and then subjecting the 
fibers to non-catalytic acetyiation in substan- 
tially dry superheated vapors of acetic anhy- 
dride to form dry cellulose fibers having up 
to 30% acetyl content by weight In an advan- 
tageous treatment of the invention the dry, 
preferably around 94 to 96% bone dry cellu- 
lose is preswollen with acetic add of low water 
content such as concentrated acetic add or 
glacial acetic add, or equivalent swelling 
agent, and any excess add is removed or dis- 
placed with acetic anhydride, and while the 
fibers contain residual acetic add and acetic 
anhydride they are contacted with substantially 
dry superheated acetic anhydride vapor to 
effect the desired amount of acetyiation. 

The acetyiation with superheated acetic 
anhydride vapor makes it possible to carry out 
an essentially dry process with attendant advan- 
tages. The temperatures necessary for the 
reaction are attainable at or near atmospheric 
pressure- This permits the use of thin-walled 
low pressure type reaction vessels, and since 
the superheated vapors are dry they are rela- 
tively non-corrosive. Hence, low cost materials, 
such as aluminum, may be used for the reaction 
chambers. 

In carrying out a process of the invention 
it is preferred to use dry cellulose fiber in any 
suitable form such as wood pulp, cotton linters, 
fabric, sheet or paper and to swell the fiber 
by treatment with acetic add, advantageously 
of low water content, at ambient or slightly 
higher temperatures. The cellulose may be 
immersed in the acetic add or the add may 
be sprayed onto the fibers. Any convenient 
ttmp may be used, hut a minimi rm of about 
10 minutes is required to complete the swell- 
ing in most cases, although times over about 
30 minutes afford no perceptible additional 
benefit. Excess acetic add (if any) is removed 
so that the swollen fiber will contain from 10 
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to 60 per cent (preferably 25 to 30 per cent) 
acetic acid based on the weight of the cellulose. 
The swollen fiber is then saturated with acetic 
anhydride as by dipping or spray in g at a tern- 
5 perature ranging from ambient to 140°C. The 
saturated fiber containing both acetic acid and 
anhydride is then acetylated in a suitable 
reactor by exposure to essentially dry, super- 
heated acetic anhydride vapor at .a temperature 

10 of from 150 to 220°C, preferably for from 
15 to 90 minutes. The proper treatment time 
will depend upon the character of the cellulose 
fiber being acetylated, lie desired degree of 
acetyiation, the actual temperature of the treat- 

15 ment and the concentration of acetic anhydride 
vapors in the reactor. The acetylated fiber will 
emerge from the reactor in essentially dry 
finished form. When sheets of cellulose are 
treated they can be acetylated to retain their 

20 original sheet form. 

The foregoing process lends itself readily 
to either batch or continuous processing. A 
continuous process is usually pre fer red for 
reasons of uniformity of product quality, in- 

25 creased speed of production and economy of 
operation. Whether batch or continuous pro- 
cessing is used, however, it is important to 
operate within the foregoing limitations if a 
useful product is to be obtained. It is par- 

30 ticularly important to avoid excess carry-over 
of acetic acid from the preswelling step to 
the acetyiation step with the swollen fiber. 
This is accomplished preferably by limning 
the amount of acetic add added to the fiber 

35 to from 10 to 60 per cent based upon the 
weight of the dry cellulose (preferably 25 to 
30 per cent) followed by partial displacement 
or dilution of the acetic acid with the addition 
of the indicated liquid acetic anhydride prior 

40 to the high-temperature vapor phase acetyia- 
tion. We have found that the presence of 
excess add for very long periods during the 
vapor phase acetyiation degrades the product 
very sharply, lowering its uniformity of 

45 acetyaltion, the degree of polymerization, color 
stability, strength, di-dectric properties and 
other desirable characteristics. 

On the other hand when the fiber is pre- m 
swollen, prevention of the fiber from deswell- 

50 ing until some acetyiation at least has taken 
place during the acetyiation phase cannot suc- 
cessfully be eliminated. Unswollen cellulose 
fiber will not acetylate to any substantial 
degree, particularly in the absence of catalysts. 

55 In a preferred operation of the invention 
concentrated acetic add is sprayed onto a 
cellulose sheet and then the acetic anhydride 
is sprayed onto the cellulose sheet. The sheet 
is accordingly saturated with a mixture of 

60 acetic add and acetic anhydride, for example 
in the ratio of 3:7, as it enters the reactor. 
In one variation of the pretreatment the sheet 
to which acetic add has been applied may be 
passed over a suction box and under a spray 



of acetic anhydride to reduce the amount of 65 
acetic add. 

The process of the invention results in the 
production of a superior acetylated cellulose. 
The product may be prepared to retain its 
original physical form, have any desired acetyl 70 
content up to 30 per cent, a surprisingly high 
intrinsic viscosity (indicating minimum degra- 
dation), excellent strength and dectrical resis- 
tance, and all with a nunimHm expenditure of 
chemicals and time. Furt h ermore, since cata- 75 
lysts are not used, contamination of spent 
chemicals is reduced and thdr recovery for 
re-use greatly expedited. 

The following examples illustrate operations 
carried out in accordance with the invention: 80 

Example I 

The acetyiations of this example were all 
performed on portions of a roll of Southern 
Pine sulfate paper grade wood pulp having an 
alpha cellulose content of 89 per cent and an 85 
intrinsic viscosity of 7.5 according to standard 
Tappi tests. The equipment used consisted of 
an experimental pilot-type continuous reactor 
formed of a pretreating unit, an acetic anhy- 
dride bath and a dosed, thermostatically con- 90 
trolled acetylator containing built-in dectrical 
heating units. In the pretreating unit provision 
was made for the controlled, uniform addition 
of glacial acetic add to the cellulosic sample 
and its retention therein for various times to 95 
effect swelling and equilibration. This was 
accomplished by means of a redprocating 
nozzle that sprayed controlled amounts of the 
add onto a distributing roll, which in turn 
applied said add evenly to the pulp sheet after 100 
which the sheet continued on over a series of 
idler rolls to an adjustable-speed take-up roll. 
Leaving the pretreating unit, the swollen cellu- 
losic sample passed through a bath containing 
acetic anhydride and then directly into the 105 
acetylator where it was immediately contacted 
with dry superheated acetic anhydride vapor 
as it passed over a series of rolls. The super- 
heated acetic anhydride vapor was prepared 
by passing saturated vapor from a boiler 110 
through a superheating heat exchanger attached 
to the acetylator with a suitable system of 
pipes and could be circulated at varying speeds 
as desired. (In starting up the acetylator it 
was slowly purged with nitrogen as it heated 115 
up until the exit gases contained less than 9 
per cent of oxygen before any superheated 
anhydride vapors were admitted in order to 
avoid formation of an explosive mixture 
therein). 120 

Preliminary experiments with the equipment 
indicated that in the absence of the acetic add 
pretreatment the wood pulp used in the follow- 
ing experiments could be contacted with the 
superheated acetic anhydride vapors in the 125 
acetylator for periods up to 4 hours without it 
attaining an acetyl content of over about 3 per 
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cent. Correspondingly, treatment of the wood 
palp in die pretreating unit with 30 per cent 
of its weight of glacial acetic add for 36 hoars 
resulted in an acetyl content of only 3.4 per 
cent One hour contact of the prctr e a ted palp 
with the superheated anhydride vapors in the 
acetylator on the other hand resulted in an 
acetyl content of 262 per cent This shows 
the synergistic effect of the combination dis- 
closed in the present invention. 



In Table I the results obtained by contact- 
ing the foregoing wood pulp with superheated 
acetic anhydride vapor for various times at a 
temperature of 150 — 200°C are shown. The 
wood pulp was prctreated with 30 per cent 
of its weight of glacial acetic add for 36 hours 
at ambient temperatures, passed slowly 
through a bath of acetic anhydride and then 
into the acetylator. Atmospheric pressure was 
maintained in the acetylator. 
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Pulp Sample 



Table I 

Time in 
Acetylator 
Minutes 



Acetyl 
Content of 
Product % 



Cuene LV. 
of Product 



A Pulp (no pretreatment 





or acetylation) 






7.5 


B 


Prctreated 


0.0 


3.4 


7.15 


C 


» 


4.1 


4.0 


7.34 


D 




10.0 


5.7 


7.31 


E 




15.6 


9.1 


7.18 


F 




21.6 


11.3 


7.13 


G 




27.4 


13.8 


6.82 


H 




30.0 


17.3 . 


6.79 


I 




60.0 


26.2 





Example EE 
As previously indicated, the pretreatment 
time is not particularly critical as long as the 
25 fiber is swollen before acetylation. This is 
clearly indicated in die results shown in Table 
n. The same wood pulp and equipment were 
used as in Example I. The pretreatment time 
at ambient temperatures was varied as indi- 



cated, after which the sample was slowly run 
through a bath of acetic anhydride at 30°C. 
and into the acetylator. The treatment of all 
samples in the acetylator was uniform compris- 
ing contacting each sample with dry super- 
heated acetic anhydride vapor at a temperature 
of 200°C, and atmospheric pressure for 30 
minutes. 
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35 



Table n 



Pulp Sample 


Time Pretreated 
Hours — Minutes 


Acetyl Content 

% 


No pretreatment (only acetylator) 


0 — 0 


3.0 


A 


0 — 1 


18.7 


B 


0 — 30 


18.1 


C 


1 — 0 


18.0 


D 


2 — 0 


18.4 


E 


4 — 0 


18.2 


F 


22 — 0 


18.7 

» _,. 
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Example III 
The partially acetylated products of this 
invention are particularly useful as laminating 
ami jpgitiating materials in the electrical field. 
This is illustrated in the results given in 
Table HL The fro samples listed were taken 
at random dmng a ten-day run of a sulfate 
paper pulp through the reactor described in 
Example L The pulp prior to acetylation had 
an alpha cellulose content of 89 per cent, a 
Cuene LV. (cupra ethykn ediamme ) of 72 
and a moisture content of 10.4 per cent In 
the pretreator it was given sufficient glacial 
acetic acid to contain 30 per cent of said acid 
based on the bone-dry weight of the pulp and 



equilibrated for 25 minutes at ambient tem- 
peratures. It was then passed through a bath 
of acetic anhydride and into the acetylator 
where it was contacted for 25 minutes at 
atmospheric pressure with dry superheated 
acetic anhydride vapors at a temperature of 
from 185 — 196°C The products had an aver- 
age Cuene I.V. of 6.7 and an acetyl content 
of 162±:QA per cent. The tests given in 
Table m were made by Standard Tappi 
Methods on portions of the products beaten 
to freeness of 340—375 CSF in tap water. 
Aging of the indicated samples was at 180°C 
for 24 hours. 
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25 



Sample 



Table in 

n 



in 



IV 



Aged 


Yes - 


- No 


Yes — No 


Yes - 


- No 


Yes - 


- No 


Yes - 


- No 


Mullen 


62 


58 


60 57 


61 


58 


61 


60 


51 


36 


Tear 


1.00 


1.77 


0.98 1.77 


1.02 


1.71 


1.03 


1.74 


0.94 


1.56 


Fold 


0.6 


1.1 


0.5 1.0 


0.5 


0.9 


0.6 


0.9 


0.3 


0.3 


Density 


4370 


4200 


4470 3780 


4440 


4170 


4460 


4070 


3510 


2770 


Klfmm mm. 


10 


7 


8 8 


9 


8 


9 


7 


16 


19 


Electrical Resist. 




















50 V 


19400 


1250 


19600<1260 


19700 


1240 


18800 


1220 


19800 


1600 


500 V 


7240 


320 


7460 340 


7960 


390 


7600 


375 


8400 


385 



WHAT WE CLAIM IS: — 

1. The improved process for the acetylation 
of cellulose which comprises contacting sub- 
stantially dry cellulose fiber with acetic acid 

35 to swell the fiber, limiting the amount of acetic 
acid contained in the fiber to 10 to 60% by 
weight based on the weight of the cellulose 
by removal of excess acid if necessary, con- 
tacting the swollen fiber with acetic anhydride 

40 at a temperature varying from ambient tem- 
perature up to 140°C, and subjecting the 
swollen fiber to non-catalyzed acetylation with 
superheated vapor of acetic anhydride at 
150°C to 220°C to form dry cellulose fibers 

45 having an acetyl content up to 30% by weight. 

2. The process for the acetylation of air 
dried cellulose fiber in the form of bulk fibers, 
mattes, webs, sheets, or fabrics which com- 
prises swelling the fiber by wetting it with 

50 acetic acid removing the excess of acetic acid 
so th at the swollen fiber contains 10 to 60% 
of acetic acid based on the weight of cellulose 
contacting the swollen fiber with acetic anhy- 
dride at a temperature varying from ambient 



temperature up to 140°C, and then subjecting 55 
the fiber to non-catalytic acetylation with 
superheated vapor of acetic anhydride at a 
temperature of 150° to 220°C to effect partial 
acetylation of said fiber, to form dry cellulose 
fiber having an acetyl content up to 30% by 60 
weight 

3. In the process of claim 2, contacting the 
cellulose fiber with from 25 to 30% by weight 
of glacial acetic acid for from 10 to 20 
minutes. 63 

4. In the process of claim 2 applying the 
acetic anhydride to the swollen fiber so as to 
replace at least some of the acetic add and 
effecting at least some acetylation of the fiber 
with the acetic anhydride before the treatment 70 
with acetic anhydride vapor. 

5. The process of the preceding claims 
which comprises spraying onto a continuously 
moving sheet of cellulose acetic acid to swell 

the fiber, spraying onto the swollen sheet acetic 75 
anhydride while passing the sheet over a suc- 
tion box to displace some acetic acid and to 
effect some acetylation of the fiber, and then 
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subjecting the sheet to non-catalytic acetyia- 
tion with the superheated vapor of acetic anhy- 
dride to produce a dry acetylated cellulose 
sheet in its original physical form. 



CRUIKSHANK & FAIRWEATHER, 
Chartered Patent Agents, 
29 Southampton Buildings, 
Chancery Lane, London, W.C.2, 
and 

29 St Vincent Place, Glasgow, 
Agents for the Applicants. 
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